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(57) ABSTRACT

A friction stir welding apparatus has a probe rotatable and
vertically movable with respect to a processing target mem-
ber, a welding tool having an interposed member that covers
a part of an outer periphery of the probe and is rotatable
relative to the probe, a mounting member on which the pro-
cessing target member is mounted, a movement mechanism
having an arm fitted with the welding tool that can move the
welding tool with respect to the processing target member by
moving the arm, and a correction mechanism having a cor-
rection member that can correct a moving direction of the
welding tool so as to be matched with a predetermined pro-
cessing direction, by bringing the interposed member into
contact with the processing target member when the welding
tool is moved with respect to the processing target member by
moving the arm, and fixed to the mounting member.

5 Claims, 3 Drawing Sheets
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1
FRICTION STIR WELDING APPARATUS

BACKGROUND OF THE INVENTION

The present invention relates to a friction stir welding
apparatus, and more particularly relates to a friction stir weld-
ing apparatus that can weld a processing target member accu-
rately along a predetermined processing direction.

In recent years, there has been proposed a friction stir
welding apparatus that performs friction stirs on a predeter-
mined portion to be welded in a processing target component
formed by a plurality of metal plates such as aluminum plates
by a probe rotating at a high speed to weld the metal plates
with each other. Even in a strength component of a movable
body such as an automobile, a configuration having a welding
portion welded by a friction stir welding apparatus has been
realized.

In such a friction stir welding apparatus, the probe and the
processing target component need to be moved relative to
each other to weld a predetermined portion to be welded
accurately. Accordingly, it is important to move the probe and
the processing target component relative to each other accu-
rately without unnecessarily causing relative displacement
therebetween.

Under such circumstances, Japanese Patent Application
Laid-open Publication No. 2011-206786 discloses a friction
stir welding tool in which a friction stirring rotor 10 is fitted to
a hole 20A of a friction stirring stator 20 having guide por-
tions 21 and 22 so that a friction stirring probe 11 is exposed.
More specifically, there is disclosed such a configuration in
which when a pair of members to be welded S1 is to be
friction stir welded, the friction stir welding tool is moved
while press-fitting the friction stirring probe 11 toward a
contact portion of the members to be welded S1 and stirring
the friction stirring probe 11, in a state where the guide
portions 21 and 22 of the friction stirring stator 20 are brought
into contact with the members to be welded S1 fixed by using
a jig, to weld the contact portion, thereby obtaining a welded
member S3.

SUMMARY OF THE INVENTION

However, according to studies made by the present inven-
tors, in Japanese Patent Application Laid-open Publication
No. 2011-206786, it is intended to move the friction stir
welding tool and the member to be welded relative to each
other accurately. However, because the friction stir welding
tool needs to include the friction stirring stator having the
guide portions, the configuration itself of the friction stir
welding tool becomes complicated.

With this configuration, when the shape of a portion to be
welded is changed, the shape of the guide portions of the
friction stirring stator needs to be changed corresponding
thereto. Therefore, it can be hardly said that a configuration
for easily performing friction stir welding according to vari-
ous shapes of the portion to be welded is realized.

With this configuration, because a part of the friction stir-
ring probe comes in contact with a rear surface of the guide
portion of the friction stirring stator and rotates, a lubricating
film and a hard alloy layer need to be added to the contact
portion, thereby making the configuration itself of the friction
stir welding tool complicated.

Furthermore, the configuration can be applied in a limited
manner to a case where the contact portions of the pair of plate
members are friction stir welded to form a fillet portion, and
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is not a scalable configuration that can perform friction stir
welding with respect to a portion to be welded in other con-
figurations.

Therefore, under present circumstances, a friction stir
welding apparatus having a new configuration that is simple,
has high application scalability, and can weld a processing
target member accurately along a predetermined processing
direction has been desired.

The present invention has been achieved in order to solve
the above problems, and an object of the present invention is
to provide a friction stir welding apparatus that has a simple
configuration and high application scalability, and can weld a
processing target member accurately along a predetermined
processing direction while eliminating unnecessary displace-
ment of the welding tool.

To achieve the above object, a first aspect of the present
invention is to provide a friction stir welding apparatus com-
prising a probe that is movable in a vertical direction with
respect to a processing-target side surface of a processing
target member and is rotatable relative to the processing target
member, a welding tool having an interposed member that
covers a part of an outer periphery of the probe and is rotatable
relative to the probe, a mounting member on which the pro-
cessing target member is mounted, a movement mechanism
having an arm fitted with the welding tool that can move the
welding tool with respect to the processing target member by
moving the arm, and a correction mechanism having a cor-
rection member that can correct a moving direction of the
welding tool so as to be matched with a predetermined pro-
cessing direction, by bringing the interposed member into
contact with the processing target member when the welding
tool is moved with respect to the processing target member by
moving the arm, and fixed to the mounting member.

According to a second aspect of the present invention, in
addition to the first aspect, the correction member has a con-
tact surface parallel to the predetermined processing direc-
tion, and is arranged on a predetermined side with respect to
the predetermined processing direction on the processing-
target side surface, corresponding to a rotation direction of
the probe with respect to the processing-target side surface,
and the interposed member is a bearing and the moving direc-
tion of the welding tool is corrected by bringing the bearing
into contact with the contact surface. The explanation that the
correction member is arranged on a predetermined side with
respect to the predetermined processing direction on the pro-
cessing-target side surface, corresponding to a rotation direc-
tion of the probe with respect to the processing-target side
surface, has the following meaning. That is, when a rotation
direction of the probe is clockwise with respect to the pro-
cessing-target side surface, the correction member is
arranged on the left side with respect to the predetermined
processing direction on the processing-target side surface,
and when the rotation direction of the probe is counterclock-
wise with respect to the processing-target side surface, the
correction member is arranged on the right side with respect
to the predetermined processing direction on the processing-
target side surface.

According to a third aspect of the present invention, in
addition to the first or second aspect, the correction member
can advance and retract with respect to the processing target
member.

According to a fourth aspect of the present invention, in
addition to any of the first to third aspects, the movement
mechanism is an industrial robot.

According to a fifth aspect of the present invention, in
addition to any of the first to fourth aspects, the friction stir
welding apparatus further comprises an auxiliary support
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mechanism that supports the mounting member by a support
member and auxiliary supports only a vertical position of the
processing target member, wherein the auxiliary support
mechanism is fitted to the arm.

According to the configuration in the first aspect of the
present invention, when the welding tool is moved with
respect to the processing target member, which is fixed to the
mounting member, by moving the arm of the movement
mechanism, the interposed member that covers a part of the
outer periphery of the probe and is rotatable relative to the
probe comes in contact with the correction member of the
correction mechanism fixed to the mounting member, to cor-
rect the moving direction of the welding tool so as to be
matched with the predetermined processing direction.
Accordingly, the processing target member can be welded
accurately along the predetermined processing direction
while eliminating unnecessary displacement of the welding
tool with a simple configuration having high application scal-
ability.

According to the configuration in the second aspect of the
present invention, the correction member has the contact sur-
face parallel to the predetermined processing direction, and is
arranged on the predetermined side with respect to the pre-
determined processing direction on the processing-target side
surface, corresponding to the rotation direction of the probe
with respect to the processing-target side surface, and the
interposed member is a bearing and the moving direction of
the welding tool is corrected by bringing the bearing into
contact with the contact surface. Accordingly, the processing
target member can be welded more accurately along the pre-
determined processing direction while eliminating unneces-
sary displacement of the welding tool with a simpler configu-
ration having high application scalability.

According to the configuration in the third aspect of the
present invention, the correction member can advance and
retract with respect to the processing target member. There-
fore, when the welding tool is moved with respect to the
processing target member by moving the arm of the move-
ment mechanism, the interposed member and the correction
member can be brought into contact with each other more
appropriately. Furthermore, when the processing target mem-
ber is mounted on the mounting member or when the probe is
brought down toward the processing target member, it can be
avoided that the correction member unnecessarily interferes
with the mounted processing target member or the probe
being brought down. Accordingly, the processing target
member can be welded more accurately along the predeter-
mined processing direction, with a simpler configuration.

According to the configuration in the fourth aspect of the
present invention, because the movement mechanism is an
industrial robot, a friction stir welding apparatus that can
weld the processing target member more accurately along the
predetermined processing direction with a more versatile
configuration can be realized.

According to the configuration in the fifth aspect of the
present invention, by providing the auxiliary support mecha-
nism fitted on the arm so as to support the mounting member
by a support member and auxiliary support only the vertical
position of the processing target member, the probe and the
processing target member can be positioned more accurately,
and the processing target member can be welded more accu-
rately along the predetermined processing direction.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side view showing an entire configuration of a
friction stir welding apparatus according to an embodiment of
the present invention;
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FIG. 2 is a partially enlarged side view of the friction stir
welding apparatus according to the present embodiment; and

FIG. 3 is a partially enlarged perspective view of the fric-
tion stir welding apparatus according to the present embodi-
ment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

A friction stir welding apparatus according to an embodi-
ment of the present invention is explained in detail below with
reference to the accompanying drawings. In the drawings, an
X-axis, a y-axis, and a z-axis form three-axis orthogonal coor-
dinates. A plane formed by the x-axis and the y-axis is parallel
to ahorizontal plane, and a normal direction of the z-axis is an
upward direction.

FIG. 11is a side view showing an entire configuration of the
friction stir welding apparatus according to the present
embodiment. FIG. 2 is a partially enlarged side view of the
friction stir welding apparatus according to the present
embodiment. FIG. 3 is a partially enlarged perspective view
of'the friction stir welding apparatus according to the present
embodiment.

As shown in FIGS. 1 to 3, a friction stir welding apparatus
1 includes a mounting table 10 fixedly installed on a floor F so
that a processing target member W is mounted thereon, a
correction mechanism 20 arranged on the mounting table 10,
a welding tool 30 that can be arranged opposite to the mount-
ing table 10 above the mounting table 10, an auxiliary support
mechanism 40 that can be arranged so as to come in contact
with a lower face of the mounting table 10 below the mount-
ing table 10, and a robot 50 fixedly installed on the floor F so
as to support the welding tool 30 and the auxiliary support
mechanism 40.

Specifically, the mounting table 10 is a mounting member
including a mounting jig 12 that mounts the processing target
member W on a mounting portion 10qa thereof, and a stopper
14 arranged on the mounting jig 12 to detachably fix the
processing target member W. The processing target member
W is typically a plate member made of metal such as an
aluminum material, in which a first member W1 and a second
member W2 are juxtaposed in a vertical direction and respec-
tively have an overlapped portion with each other. Predeter-
mined portion of the overlapped area of the first member W1
and the second member W2 are welded along a predeter-
mined weld line L by the welding tool 30 to be moved along
a predetermined processing direction D. The position of the
processing target member W on the mounting jig 12 is main-
tained accurately by holding a part of the processing target
member W by the stopper 14. As a drive source that drives the
stopper 14, a motor or an air cylinder can be mentioned.
Needless to mention, the stopper 14 can be driven manually.

The correction mechanism 20 includes a correction mem-
ber 22 and a drive mechanism 24 fixedly installed on the
mounting portion 10a of the mounting table 10 so that the
correction member 22 can be moved between an upper posi-
tion and a lower position. The correction member 22 is typi-
cally a block member made of metal such as an iron material
having sufficient strength and rigidity and has a contact sur-
face 22a as one of external surfaces thereof. The contact
surface 22a is a surface with which a bearing 34 of the
welding tool 30 described later in detail comes in contact, and
has a surface shape parallel to the predetermined processing
direction D, that is, parallel to the predetermined weld line L.
to be obtained eventually. When the predetermined weld line
L is a straight line, the surface shape is flat, and when the
predetermined weld line L is a curved line, the surface shape
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is curved. The drive mechanism 24 includes a fitting member
24a to which the correction member 22 is fitted and fixed, a
motor 245 that is dynamically connected to the fitting mem-
ber 24a, a shaft 24¢ that couples the fitting member 24a and
the motor 245 with each other, a base 244 fixedly installed on
the mounting portion 10a of the mounting table 10, and a
support plate 24e arranged upward in a standing manner from
the base 24d.

In the correction mechanism 20, when the shaft 24¢ moves
in the vertical direction by driving the motor 245, the fitting
member 24a fitted with the correction member 22 rotates
around a rotating shaft 24/ defined in the support plate 24e.
Corresponding thereto, the correction member 22 can move
between the upper position shown in FIG. 1 and the lower
position shown in FIGS. 2 and 3 to advance and retract with
respect to the processing target member W. A power source
for moving the shaft 24¢ is not limited to the motor 245, and
an air cylinder or the like can be used instead.

The welding tool 30 includes a probe 32 that is typically a
columnar member made of metal such as an iron material
extending in the vertical direction and is rotatable around a
central axis Z, which is parallel to the z-axis, and a bearing 34
that surrounds and is arranged around an upper part of an
outer periphery of the probe 32, can be driven to rotate relative
to the probe 32 around the probe 32 coaxially with the central
axis Z, and is an interposed member that can be brought into
contact with the contact surface 22a without transferring
rotation force applied from the probe 32 to the contact surface
22a. The welding tool 30 further includes a holder 36 that
holds the probe 32 and the bearing 34, and a drive mechanism
38 that vertically moves the probe 32 and the bearing 34 held
by the holder 36 and causes the probe 32 to rotate around the
central axis Z. The bearing 34 is typically a rolling bearing
and has a configuration in which a plurality of balls or a
plurality of rollers are rotatably held between an inner ring
and an outer ring (both not shown). The inner ring is fitted to
an upper part of the outer periphery of the probe 32 and the
outer ring can be brought into contact with the contact surface
22a of the correction member 22. When the balls or the rollers
can be rotatably held by one of the inner ring and the outer
ring reliably, the other can be omitted. Needless to mention,
as the bearing 34, various bearing configurations such as a
slide bearing, a magnetic bearing, and a fluid bearing can be
applied. The drive mechanism 38 includes a motor or a shaft
(both not shown) and the like in a casing 38a.

In the welding tool 30, when the drive mechanism 38
moves the holder 36 that holds the probe 32 and the bearing 34
downward, a lower part of the probe 32 is press-fitted into the
processing target member W, and can reach a position at
which the probe 32 intrudes into the second member W2,
passing through the first member W1 in the processing target
member W. In such a case, even when the probe 32 is being
rotated by the drive mechanism 38, the outer periphery of the
bearing 34, that is, the outer ring thereof, or when the outer
ring is omitted, the plurality of balls or rollers can come in
contact with the contact surface 224 in a state separated from
the rotation. An upper surface of the first member W1 of the
processing target member W may be referred to as “process-
ing-target side surface Ws” for convenience’s sake.

When a rotation direction R of the probe 32 is clockwise
with respect to the processing-target side surface Ws, the
correction member 22 is arranged on the left side with respect
to the predetermined processing direction D on the process-
ing-target side surface Ws, and when the rotation direction R
of the probe 32 is counterclockwise with respect to the pro-
cessing-target side surface Ws, the correction member 22 is
arranged on the right side with respect to the predetermined
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processing direction D on the processing-target side surface
Ws. In FIG. 3, an example in which the correction member 22
is arranged on the left side with respect to the predetermined
processing direction D on the processing-target side surface
Ws is shown.

The auxiliary support mechanism 40 includes a support
member 42 that is typically a ball made of metal such as an
iron material and comes in contact with a lower surface of the
mounting portion 10a of the mounting table 10 on an opposite
side to the mounting jig 12, and a holder 44 that holds the
support member 42 rotatably while maintaining the central
position thereof immovable. In the auxiliary support mecha-
nism 40, the support member 42 can support the mounting
table 10 auxiliary while coming in contact with the lower
surface of the mounting portion 10a of the mounting table 10
at one point in the upper part of the support member 42, in a
state with the support member 42 facing a lower end of the
probe 32, putting the processing target member W therebe-
tween.

The robot 50 is a movement mechanism that can move the
welding tool 30 and the processing target member W fixed on
the mounting jig 12 of the mounting table 10 relative to each
other, and is typically an industrial robot. Specifically, the
robot 50 includes a fitting jig 52 in a two-pronged shape as
seen from the side and having an upper fitting portion 52a and
a lower fitting portion 525, respectively, fitted with the weld-
ing tool 30 and the auxiliary support mechanism 40 corre-
spondingly, an arm 54 fitted with the fitting jig 52, which is
typically a manipulator having multiple joints, and a robot
body 56 having a drive mechanism that moves the arm 54, an
arithmetic processing unit, and a memory (all not shown)
built therein. While the casing 38a of the drive mechanism 38
of the welding tool 30 is fitted and fixed to the upper fitting
portion 52a of the fitting jig 52, the holder 44 of the auxiliary
support mechanism 40 is fitted and fixed to the lower fitting
portion 525 of the fitting jig 52. A connected portion of the
upper fitting portion 52a and the lower fitting portion 524 in
the fitting jig 52 is fitted to one end of the arm 54, and the robot
body 56 is connected to the other end of the arm 54. By
operating the drive mechanism of the robot body 56, the arm
54 moves, and corresponding thereto, the welding tool 30 and
the auxiliary support mechanism 40 can be moved vertically
and horizontally with multiple degrees of freedom while
maintaining a relative positional relation between the welding
tool 30 and the auxiliary support mechanism 40. Further-
more, when friction stir welding is performed on the process-
ing target member W, the arm 54 moves the welding tool 30
and the auxiliary support mechanism 40 along the predeter-
mined processing direction D.

Various constituent elements of the friction stir welding
apparatus 1 are controlled appropriately upon reception of a
control signal transmitted from a controller C, to operate so as
to perform friction stir welding with respect to the processing
target member W. Specifically, the controller C press-fits the
probe 32 into the processing target member W by bringing
down the welding tool 30 toward the processing target mem-
ber W, and rotates the probe 32 while causing the bearing 34
to come in contact with the correction member 22, thereby
stirring the processing target member W while generating
frictional heat in the processing target member W by the
probe 32. The controller C then moves the probe 32 and the
processing target member W relative to each other by the arm
54 of the robot 50, in a state where the bearing 34 is follow-
edly brought into contact with the correction member 22
while rotating the probe 32, to execute control to weld the
processing target member W along the predetermined weld
line L. The controller C has an arithmetic processing unitor a
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memory (both not shown) and the like built therein, and data
and the like relating to a control program for performing
friction stir welding and the predetermined processing direc-
tion D are stored in the memory.

A friction stir welding method for performing friction stir
welding with respect to the processing target member W by
using the friction stir welding apparatus 1 having the configu-
ration described above is explained below in detail.

Before starting a series of processes of the friction stir
welding method, as a preparation therefor, the welding tool
30 is fitted and fixed to the upper fitting portion 52a of the
fitting jig 52, and the auxiliary support mechanism 40 is fitted
and fixed to the lower fitting portion 525 of the fitting jig 52 in
the robot 50.

Simultaneously therewith, after the processing target
member W to which friction stir welding is to be performed is
mounted on the mounting jig 12 of the mounting table 10, a
part of the processing target member W is held by the stopper
14, thereby positioning and fixing the processing target mem-
ber W.

The series of processes of the friction stir welding method
is then started. In the series of processes, the controller C
executes automatic control by using the control program and
data stored in the memory in accordance therewith.

First, under control of the controller C, as shown in FIG. 1,
the drive mechanism of the robot body 56 appropriately
moves the arm 54 vertically and horizontally to arrange the
probe 32 of the welding tool 30 fitted to the upper fitting
portion 52a of the fitting jig 52 so as to face the processing
target member W at a first predetermined position above the
processing target member W, and brings the support member
42 of the auxiliary support mechanism 40 fitted to the lower
fitting portion 5254 of the fitting jig 52 into contact with the
lower surface of the mounting portion 10a of the mounting
table 10 at one point in the upper part of the support member
42 so as to face the lower part of the probe 32, putting the
processing target member W therebetween. When the respec-
tive positions of the probe 32 and the support member 42 are
realized, the drive mechanism of the robot body 56 stops the
operation to fix the position of the arm 54 temporarily.

Once the position of the arm 54 is fixed in this manner, as
shown in FIG. 2, the motor 245 of the correction mechanism
20 moves the shaft 24¢ upward so that the fitting member 24a
is rotated around the rotating shaft 247 under control of the
controller C, and corresponding thereto, the correction mem-
ber 22 is rotated to move to the lower position. When the
lower surface 225 of the correction member 22 comes in
contact with the upper surface of the first member W1 of the
processing target member W, the motor 245 is stopped to stop
the movement of the shaft 24¢, and the correction member 22
is maintained in a state with the lower surface 2256 coming in
contact with the upper surface of the first member W1. The
process to bring the lower surface 225 of the correction mem-
ber 22 into contact with the upper surface of the first member
W1 of the processing target member W can be performed
beforehand at the same timing with the process in which the
stopper 14 grasps the processing target member W to position
and fix the processing target member W.

When the correction member 22 is rotated to move to the
lower position in this manner, as shown in FIG. 2, the drive
mechanism 38 of the welding tool 30 moves the holder 36 that
holds the probe 32 and the bearing 34 downward to bring the
probe 32 downward under control of the controller C, so that
the lower part of the probe 32 reaches a second predetermined
position at which the probe 32 intrudes into the second mem-
ber W2, passing through the first member W1 in the process-
ing target member W. At this time, the outer periphery of the
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bearing 34 comes in contact with the contact surface 22a of
the correction member 22. At this time, the drive mechanism
38 ofthe welding tool 30 can rotate the probe 32 via the holder
36 as required.

When the lower part of the probe 32 reaches the second
predetermined position, as shown in FIG. 3, in a state where
the drive mechanism 38 ofthe welding tool 30 is continuously
rotating the probe 32 under control of the controller C, the
drive mechanism of the robot body 56 moves the arm 54 so
that the probe 32 and the support member 42 are moved in a
moving direction, which is the predetermined processing
direction D toward a negative direction of the y-axis, in a state
with their positional correspondence relation being main-
tained. That is, at this time, the probe 32 is moved in the
processing direction D while rotating in the clockwise rota-
tion direction R when the central axis Z is seen from a nega-
tive direction of the z-axis, in a state where the lower part of
the probe 32 intrudes into the second member W2, passing
through the first member W1 in the processing target member
W. As a result, the first member W1 and the second member
W2 are friction stir welded, corresponding to a moved track of
the lower part of the probe 32. Simultaneously, the support
member 42 is moved in the predetermined processing direc-
tion D while rotating in the holder 44, in a state where the
support member 42 comes in contact with the lower surface of
the mounting portion 10a of the mounting table 10 at one
point in the upper part of the support member 42, so as to face
the lower part of the probe 32, putting the processing target
member W therebetween.

Because the probe 32 rotates in the clockwise rotation
direction R in a state with the probe 32 passing through the
first member W1 and intruding into the second member W2,
the probe 32 receives rotation reaction force D' from the first
member W1 and the second member W2 to be displaced in the
normal direction of the x-axis, and tends to deviate from the
predetermined processing direction D. However, because the
outer periphery of the bearing 34 comes in contact with the
contact surface 22a of the correction member 22, the probe 32
is not displaced unnecessarily. Furthermore, because the con-
tact surface 22a has a surface shape parallel to the predeter-
mined processing direction D, that is, parallel to the prede-
termined weld line [, when the probe 32 is moved in the
processing direction D while the bearing 34 comes in contact
with the contact surface 224, the moved track of the lower part
of the probe 32 matches with the predetermined weld line L,
and corresponding thereto, a welding portion that has been
friction stir welded along the predetermined weld line L. can
be obtained in the first member W1 and the second member
Ww2.

When the probe 32 and the like have been moved to a third
predetermined position, which is an end point of a portion
required to be friction stir welded, with the movement of the
arm 54, the drive mechanism 38 of the welding tool 30 moves
the probe 32 upward while maintaining the rotation of the
probe 32, to pull out the probe 32 from the processing target
member W under control of the controller C, and after having
uplifted the probe 32 to the upper position thereof, stops the
movement of the probe 32. The drive mechanism of the robot
body 56 then moves the arm 54 so that the probe 32 and the
support member 42 exit from the upper and lower areas of the
processing target member W, and stops the movement of the
arm 54.

When the probe 32 and the support member 42 have exited,
the motor 245 of the correction mechanism 20 moves the
shaft 24¢ downward under control of the controller C, to
rotate the fitting member 24a around the rotating shaft 24f,
and corresponding thereto, rotates the correction member 22
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to move to the upper position, and stops the movement thereof
after the correction member 22 exits from the upper area of
the processing target member W.

Finally, when the processing target member W is released
by detaching the stopper 14 and is dismounted from the
mounting table 10, a processed product in which a predeter-
mined portion to be welded is friction stir welded can be
obtained.

With the above configuration, a configuration example in
which the processing target member W is fixed to the mount-
ing table 10, and the welding tool 30 and the auxiliary support
mechanism 40 are movably fitted to the arm 54 of the robot 50
has been explained. However, in principle, it is only required
that the processing target member W, the welding tool 30, and
the auxiliary support mechanism 40 can be moved relative to
each other. Therefore, alternatively, a configuration example
in which the processing target member W can be fitted mov-
ably to the arm 54 of the robot 50, and the welding tool 30 and
the auxiliary support mechanism 40 are fixed to the mounting
table 10 can be also adopted. However, in this case, the
interposed member, which is typically a bearing, is provided
in the mounting jig 12 or the like on which the processing
target member W is to be mounted.

In such a case, after the mounting jig 12 onto which the
processing target member W, which is to be friction stir
welded, is mounted and fixed is fitted to a fitting jig of the arm
54 of the robot 50, the probe 32 of the welding tool 30 fitted
and fixed to the mounting table 10 is press-fitted into the
processing target member W and stirred, the mounting jig 12
to which the processing target member W is fixed is moved by
the arm 54 to perform friction stir welding with respect to the
processing target member W, in a state where the support
member 42 of the auxiliary support mechanism 40 fitted and
fixed to the mounting table 10 comes in contact with the lower
surface of the mounting jig 12 to which the processing target
member W is fixed. At this time, the welding portion that has
been friction stir welded along the predetermined weld line LL
can be obtained in the same manner by bringing the outer
periphery of the bearing provided in the mounting jig 12 or
the like, on which the processing target member W is to be
mounted, into contact with the contact surface 22a of the
correction member 22.

In the configuration described above, a configuration
example in which the auxiliary support mechanism 40 is
applied thereto has been explained. However, the auxiliary
support mechanism 40 can be omitted in such a case that the
required processing accuracy is relatively low.

In the present invention, the type, the arrangement, the
number, and the like of the members are not limited to those
in the embodiment explained above, and it is needless to
mention that the constituent elements can be modified as
appropriate without departing from the scope of the inven-
tion, such as appropriately replacing these elements by other
ones having identical operational effects.

As described above, in the present invention, a friction stir
welding apparatus that can accurately weld a processing tar-
get member along a predetermined processing direction
while eliminating unnecessary displacement of the welding
tool can be provided with a simple configuration having high
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application scalability. Therefore, because of its general pur-
poses and universal characteristics, applications of the
present invention can be expected in a wide range in the field
ofwelding of a strength member of a movable body such as an
automobile.

What is claimed is:

1. A friction stir welding apparatus comprising:

awelding tool having a probe moving in a vertical direction
with respect to a processing-target side surface of a
processing target member and rotating around a central
axis to rotate relative to the processing target member,
and an interposed member covering a part of an outer
periphery of the probe to rotate relative to the probe
coaxially with the central axis;

a mounting member on which the processing target mem-
ber is mounted;

a movement mechanism having an arm fitted with the
welding tool to move the welding tool with respect to the
processing target member by moving the arm; and

a correction mechanism having a correction member that is
a block member correcting a moving direction of the
welding tool to be matched with a predetermined pro-
cessing direction, by bringing the interposed member
into contact with the correction member when the weld-
ing tool is moved with respect to the processing target
member in the predetermined processing direction by
moving the arm, the correction mechanism being fixed
to the mounting member,

wherein the predetermined processing direction intersects
the vertical direction,

wherein the correction member has a contact surface par-
allel to the predetermined processing direction,

and wherein the correction member is arranged on a pre-
determined side with respect to the predetermined pro-
cessing direction on the processing-target side surface,
corresponding to a rotation direction of the probe with
respect to the processing-target side surface, and the
interposed member is a bearing and the moving direc-
tion of the welding tool is corrected by bringing the
bearing into contact with the contact surface, with the
probe and the bearing being moved relatively with
respect to the correction member in the predetermined
processing direction.

2. The friction stir welding apparatus according to claim 1,
wherein the correction mechanism has a rotating shaft and the
correction member rotates about the rotating shaft to advance
and retract with respect to the processing target member.

3. The friction stir welding apparatus according to claim 1,
wherein the movement mechanism is an industrial robot.

4. The friction stir welding apparatus according to claim 2,
further comprising an auxiliary support mechanism support-
ing the mounting member by a support member, wherein the
auxiliary support mechanism is fitted to the arm.

5. The friction stir welding apparatus according to claim 1,
wherein the welding tool moves along the contact surface of
the correction member in the predetermined processing direc-
tion.



